The equivalent resistance between the origin and the lattice site (2n, 0, 0), in an infinite Face Centered Cubic (FCC) network consisting from identical resistors each of resistance R, has been evaluated analytically and numerically. The asymptotic behavior of the equivalent resistance has been also investigated. Finally, some numerical values for the equivalent resistance are presented.
Introduction
The calculation of the equivalent resistance in infinite networks of identical resistors is one of the classic and interesting problems in the electric circuit theory. Many approaches have been introduced to calculate the resistance in infinite networks, such as:
The superposition of current distribution has been used to calculate the effective resistance between adjacent sites on infinite networks [1] [2] [3] .
A mapping between random walk problems and resistor networks problems have been used by Monwhea Jeng [4] . This method was used to calculate the effective resistance between any two sites in an infinite two-dimensional square lattice of unit resistors.
A third educational important method based on the Lattice Green's Function (LGF) of the lattices is used to calculate the equivalent resistance [5] [6] [7] [8] [9] [10] [11] . This method has been applied to both perfect and perturbed square, simple cubic (SC) networks.
The LGF plays a key role in the theory of solid state physics, and as seen from literature most studies on the lattice functions are based on elliptic integral and recurrence relation approaches [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The importance of the LGF comes from the fact that many quantities in solid state physics can be expressed in terms of it, for example, phase shift, density of states, scattering cross section and thermodynamic functions. The present work is oriented as follows: In Sect. 2, we briefly introduce the basic formulas of interest for the LGF of the FCC network. In Sect. 3, an application to the LGF of the FCC network is applied to calculate the equivalent resistance between the origin and the lattice site (2n, 0, 0) in the infinite FCC network. Finally, we close the present work (i.e., Sect. 4) with a discussion to the results obtained in this study.
Preliminaries
The LGF of the FCC lattice appears in many statistical problems, and it is defined as [21] :
where n + m + l = even integer, and w = w 1 + iw 2 is a complex variable and (n, m, l) is any lattice site in the FCC lattice. The LGF of the FCC at the site (0, 0, 0) which represents the origin of the lattice for w = 3 (i.e., F (0, 0, 0; 3) = f o ), was evaluated by Watson [26] , where he found:
where K(k 3 ) is the complete elliptic integral of the first kind
(i.e., the singular modulus of the elliptic integral). Recently, Joyce and Delves [21] showed that at the site (2n, 0, 0) the LGF of the FCC lattice can be written as:
Here {Ȗ (j ) n : j = 1, 2} are rational numbers satisfying the following recurrence relation
with n = 1, 2, . . . , and the following initial conditions
3 Application: Evaluation of the Resistance R(2n, 0, 0; 3) in an Infinite FCC Network
The aim of this section is to express the equivalent resistance between the origin (0, 0, 0) and the lattice site (2n, 0, 0) in an infinite FCC network of identical resistors in terms of F (2n, 0, 0; 3). First of all, it has been showed that for a 3D infinite network consisting of identical resistors each of resistance R, the equivalent resistance between the origin and any other lattice site is [5] :
Here r is the position vector of the lattices point, and for a d-dimensional lattice it takes the form:
with l 1 , l 2 , . . . , l d are integers, and a 1 , a 2 , . . . , a d are independent primitive translation vectors. Also, the equivalent resistance between the origin and any other lattice site is can be expressed in an integral form [5] :
On the other hand, the LGF for a 3D hypercube read as [5] :
For cubic lattices d = 3. Then substituting d = 3 into Eqs. (7) and (8) and comparing them with Eq. (5) one get:
Now make use of Eq. (3) and Eq. (9) one yields
This is our basic relation. Now, using Eq. (4) and Eq. (10) with the initial conditions of {Ȗ (j ) n : j = 1, 2}, one can calculate the required equivalent resistance. In Table 1 we present some numerical calculated values for the resistance between the origin and the site (2n, 0, 0). The results obtained in the present work are in exact agreement with those obtained recently [27] using the so-called the recurrence formulae for the LGF of the infinite FCC lattice presented by Morita [18] .
Since the LGF is an even function (i.e., F (2n, 0, 0; 3) = F (−2n, 0, 0; 3)) then the resistance is also symmetric due to the fact that the FCC network is pure and symmetric, and also R(2n, 0, 0) = R(−2n, 0, 0).
Finally, it is worth studying the asymptotic behavior of the resistance (i.e., as the separation between the origin (0, 0, 0) and the site (2n, 0, 0) goes to a large value or infinity). In this case the resistance goes to a finite value. 
Or alternatively, it has been showed [25] that the asymptotic expansion of F (2n, 0, 0; 3) is: 
This expansion approaches zero as n → ∞. As, a result Eq. (9) becomes:
Results and Discussion
We have expressed the equivalent resistance between the origin (0, 0, 0) and the lattice site (2n, 0, 0) in an infinite FCC network consisting of identical resistors each of resistance R. The equivalent resistance is obtained in terms of rational numbers, π and the complete elliptic integral of the first kind. By means of Mathematica we obtained numerical values for these calculated resistance as presented in Fig. 1 . In Fig. 1 the calculated resistance in an infinite FCC lattice is plotted against the site (2n, 0, 0) along the [100] direction. From this figure it is clear that the resistance is symmetric, and approaching a finite value (i.e., f o (3, 0, 0, 0) = 0.4482203944 as n → ∞).
A similar result was obtained for the resistance in an infinite SC network [8] whereas the separation between the origin and any other lattice site the equivalent resistance approaches a finite value (i.e., g o = 0.505462) which is the LGF at the origin in an infinite SC lattice, while the resistance in an infinite square network diverges for large separation between the two sites [9] .
